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Abstract: Diesel engine is most versatile engine which is used as main prime mover in transportation, 
decentralized electric generation and agricultures sector. The current growth in environmental 
degradation and limited availability of fossil fuels has been a matter of concern throughout the world. In 
view of this fact it has become necessary to explore renewable alternative fuel from resources available 
locally, such as vegetable oils, alcohol, animal fats etc. whose properties are comparable with mineral 
diesel and it can be used in the existing C.I. engine without any major hardware modification. The 
present energy scenario has motivated the world scientist to explore non petroleum, renewable and clean 
fuel which helps in sustainable development.  
In the present investigation, experimental work has been carried out to analyze the affect of an ethanol 
blending with biodiesel on the performance, emission and combustion characteristic of pongamia pinnata 
biodiesel with ethanol as blend of 15%, 20% and 25%. The biodiesel-ethanol blended fuels were prepared 
by using microemulsiﬁcation technique and the main properties were determined. The results showed 
that, with the increasing the percentage of ethanol up to 20% improves the performance of the engine. At 
full load condition CO emission is higher compared to the biodiesel and its blends. Unburnt hydrocarbon 
(HC) is more in ethanol blend of 25% (E25BD75) and lowest for BD100. NOx emission first increases and 
reaches for all the fuels and then decreases. Increasing in the percentage of ethanol in the biodiesel 
increases the NOx emission. Upto 75% of the load the smoke emission is almost all same for all the fuels 
but lower for E25BD75 at maximum load. By adding ethanol to the biodiesel improves combustion 
quality and there is an increase in efficiency with a little penalty of NO emission. 
Keywords: Biodiesel; Diesel; Ethanol; Combustion; Performance; Emission.  
I. INTRODUCTION 
Energy is a key factor for economic growth and 
social development. With increasing trend of 
industrialization, the world energy demand is 
growing by leaps and bounds. Since their 
exploration, the petroleum based fuels continue 
to remain as major conventional energy source. 
However, they are limited and also result in 
environment degradation. Perturbations in 
petroleum prices and air pollution are 
necessitating exploration of alternate to these 
conventional fuels.  
India is one of the fastest growing economies in 
the world and surge in industrialization has 
resulted in exponential energy consumption. 
India is rich in coal and blessed with renewable 
energy in the form of solar, wind, hydro and bio-
energy, however, its hydrocarbon reserves 
represent only 0.3% of the global reserves [1]. 
India does not have enough oil reserves and is 
heavily dependent on imports. The diesel engines 
are extensively used in India due to low fuel 
consumption and high efficiencies as they 
operate at higher compression ratio. These 
engines are extensively used in transportation, 
commercial, domestic, electric power generation, 
farming, construction and in many industrial 
activities for the generation of power/mechanical 
energy. Pollutants from diesel engines include 
carbon monoxide (CO), carbon dioxide (CO2), 
Hydro carbon (HC), nitrogen oxides (NOx), 
particulate matter and smoke. These emissions 
have hazardous effects on air, water, soil and 
human health as well they also cause climatic 
change. In order to protect the global 
environment and leasing a new life to millions of 
diesel engine, it has become necessary to explore 
alternative fuels that give engine performance at 
par with diesel. Renewable resources which 
include biomass, bio fuels such as alcohols, 
biodiesel, ethers, and other renewable resources 
are widely explored [2-3]. 
Among the biodiesels jatropha, pongamia, palm, 
mahua, castor etc., are proved to be an alternative 
fuel for diesel engine. Researchers found that 
20% blend of biodiesel with diesel are an 
appropriate and technically feasible. As for as 
emission is concerned biodiesel emits higher 
NOx and particulate matter.  It is necessary to 
reduce emission of NOx, and particulate matter 
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by diesel engine when biodiesels are used as fuel. 
Some researchers [4-5] attempted to reduce the 
particulate matter and NOx emissions of diesel 
engine by mixing ethanol thoroughly with 
biodiesel. Since ethanol is excellent fuel for 
spark ignition engine but it has very low cetane 
number cannot be used in CI engine unless gas 
temperature are high enough at the time 
injection. In this project work an attempt is made 
to mix ethanol with biodiesel, in the proportions 
of 15%, 20% and 25% by (v/v) with biodiesel 
and tested in four stroke single cylinder diesel 
engine to evaluate combustion, performance and 
emission characteristics. These values are 
compared with that of diesel on normal engine.  
II. PROPERTIES OF FUELS USED 
Table -1 shows the values of different properties 
such as density, kinematic viscosity, flash point, 
fire point and calorific value of diesel, pongamia 
pinnata (karanja) biodiesel and ethanol. 
From the table-1 it can observed that, the density 
of diesel is lower than that of biodiesel and 
ethanol. The kinematic viscosity value of the 
diesel is also lower than that of biodiesel and 
higher than that of ethanol. Similarly with 
reference to the flash point and fire point of both 
diesel and biodiesel have greater value than that 
of ethanol, finally the calorific value of the diesel 
is greater than that of both biodiesel and ethanol. 
Table - 1 Properties of diesel, pongamia 
biodiesel and ethanol. 
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III. EXPERIMENTION 
Engine components: The various components of 
experimental set up are given below. Fig.1 shows the 
photograph of the experimental set up.  
The important components of the system are; 
 The engine 
 Dynamometer 
 Smoke meter 
 Exhaust gas analyzer 
 
Fig 1.Overall view of the experimental setup 
Table-2 Engine Specifications 
Manufacturer Kirloskar oil engines 
Ltd, India Model TV-SR, naturally 
aspirated Engine Single cylinder, DI 
Bore/stroke 87.5mm/110mm 
C.R. 17.5:1 
Speed 1500r/min, constant 
Rated power 5.2 kW 
Working cycle four stroke 
Injection pressure 200bar/23 deg before 
TDC Type of sensor Piezo electric 
Response time 4 micro seconds 
Crank angle sensor 1-degree crank angle 
Resolution of 1 deg 360 deg with a 
resolution of 1deg IV. RESULTS AND DISCUSSION 
4.1 Performance characterstics of pongamia 
biodiesel with ethanol 
 Variation of brake thermal efficiency with 
brake power 
 
Fig.3: Variation of brake thermal efficiency 
with brake power 
Fig.3 shows variation of brake thermal efficiency 
(%) with brake power (kW). The part load 
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efficiency and full load efficiency of diesel is higher 
than that of pure biodiesel (BD100). However up to 
75% of the load the efficiency of BD100 well 
comparable with that of diesel. The maximum 
efficiency of E20BD80 is 24.13% against that of 
diesel that is 24.08% at 75% of load increasing in 
the percentage of ethanol in the biodiesel improves 
the combustion hence the efficiency. 
 Variation of brake specific fuel consumption 
with brake power  
 
Fig.4: Variation of brake specific fuel 
consumption with brake power 
Fig.4 shows the variation of brake specific fuel 
consumption with brake power. It can be observed 
that 20% of ethanol blend with biodiesel has better 
performance than that of diesel. BSFC is minimum 
for E20BD80 at 4.0 brake power compare to 
0.32kg/kW-hr, followed by 0.34kg/kW-hr, 
0.35kg/kW-hr, and 0.37kg/kW-hr and for E25BD75, 
BD100 and D100 respectively. In general it can be 
observed that performance of the engine improve by 
adding ethanol to the biodiesel. 
 Variation of brake specific energy 
consumption with brake power 
 
Fig.5: Variation of brake specific energy 
consumption with brake power 
Fig.5 shows the variation of brake specific energy 
consumption (BSEC) with brake power (BP). By 
increasing percentage of ethanol in the biodiesel 
improves the BSEC. BSEC is minimum for 
E25BD75 at 4.0 brake power (BP) compare to 
13926.55kg/kW-hr, followed by 14195.05kg/kW-hr, 
14713.43kg/kW-hr and 20781.5kg/kW-hr  and for 
E20BD80, BD100 and E15BD85 respectively. In 
general it can be observed that performance of the 
engine improve by adding ethanol to the biodiesel. 
The BSEC of biodiesel and its blends with ethanol is 
more or less close to that of pure diesel. 
 
 Variation of exhaust gas temperature (EGT) 
with brake power 
 
Fig.6: Variation of exhaust gas temperature 
with brake power 
Figure.6 shows variation of exhaust gas temperature 
(EGT) with brake power (BP). The EGT variation  for 
D100, E15BD85, E20BD80, E25BD75 and BD100 are 
in the close range or similar for entire load of 
operation are shown in the figure above. The 
maximum temperature is in the order of 563, 557, 540, 
558 and 543 0C for E25BD75, E20BD80, E15BD85, 
BD100 and D100 respectively. 
4.2 Emission characteristics of pongamia 
biodiesel with ethanol  
 Variation of carbon monoxide with brake 
power 
 
Fig.7: Variation of CO with brake power 
Fig.7. shows carbon monoxide emission (CO) with brake 
power (BP). It can be observed that upto 75% of the load 
CO emission of all the combination with pure biodiesel, 
ethanol and pure diesel are fairly same. However CO 
emission in the diesel is higher at maximum load in the 
order of 0.46ppm, followed by E25BD75, E20BD80, 
E15BD85 and BD100 such as 0.19ppm, 0.27ppm, 0.28ppm, 
0.22ppm respectively. CO emission in the exhaust indicates 
that in complete combustion in the III-phase of the 
combustion. BD100 is lower because of the inherent oxygen 
contain in the biodiesel makes it lower. 
 Variation of unburnt hydrocarbon (HC) 
with brake power 
 
Fig.8: Variation of hydrocarbons with brake power 
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Fig.8 shows variation of unburnt hydrocarbon (HC) 
with brake power (BP). The unburnt HC is lower for 
BD100 for entire range of load compare to that of 
diesel, but at full load both are well comparable. By 
increasing percentage of ethanol increases unburnt HC 
in exhaust. The maximum value observed for 
E25BD75 of the order of 70ppm followed by 67ppm 
for E20BD80, 64ppm for E15BD85. Ethanol burning 
will not get the sufficient time for complete 
combustion in comparison with pure diesel. So during 
the last phase of the combustion some of the particle 
escapes without burning. 
 Variation of smoke with brake power 
 
Fig.9: Variation of smoke with brake power 
Figure.9 shows the variation of smoke in % with brake 
power (BP) in kW. The general trend is that as the load 
increases the percentage of the smoke increases in all 
the fuel tested. There is drastic increase in the smoke 
level in diesel as compare to BD100 and their mixer 
with ethanol. Again the same explanations holds good, 
the biodiesel contain inherent oxygen which will help 
for complete combustion as compare to that of diesel. 
 Variation of oxides of nitrogen (NOx) with 
brake power 
 
Fig.10: Variation of oxides of nitrogen with brake 
power 
Figure.10 shows the variation of oxides of nitrogen 
(NOx) emissions with brake power (BP). All the fuel 
under test shows that it increases gradually in load and 
because of maximum at 75 % of the load and then 
decreases. The fuel which reaches maximum pressure 
away from the top dead centre (TDC) and having better 
combustion in II and III- phase complete combustion 
are more availability of generating NOx. Since attains 
higher temperatures and disassociation of oxygen and 
nitrogen takes place which increases NOx emissions. It 
can be observed that maximum NOx emissions in D100 
and E20BD80. 
4.3 Combustion characteristics of pongamia 
biodiesel with ethanol  
  Variation of cylinder pressure with crank 
angle 
 
Fig.11 (a): Variation of cylinder pressure with 
crank angle 
 
Fig.11 (b): Variation of cylinder pressure with 
crank angle 
 
Fig.11 (c): Variation of cylinder pressure with 
crank angle 
Figure.11 (a) shows variation of pressure with crank 
angle. From figure.11 (b) and figure.11 (c), it can be 
observed that combustion in biodiesel starts earlier 
compare to that of pure diesel and reaches the peak 
pressure close to top dead centre (TDC) than that of 
the pure diesel. The maximum pressure reach by the 
BD100 is 73.60 bar against 69.85 bar of that of 
diesel. The early combustion occurs in the biodiesel 
because of oxygen available within the biodiesel, 
which begins the combustion before compare to the 
pure diesel. The peak pressure reached for 20 % of 
ethanol combustion in biodiesel is 68.62 bar which is 
lowest and the maximum pressure is 74.52 bar for 
E25BD75. Combustion of E20BD80 very close to 
that of diesel that is II and III-phase combustion for 
early burning of ethanol E25BD75 because of the 
higher ethanol blend and BD100 because of inherent 
oxygen reaches peak pressure earlier and the III-
phase of combustion. This also can be seen from the 
figure.12 (a) and figure.12 (b) net heat release rate 
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(HRR) is higher for E25BD75 than followed by 
E20BD80, E15BD85, BD100 and D100. Also from 
figure.13 (a) and figure.13 (b) cumulative heat 
release rate (CHRR) for diesel D100, E15BD85, 
E20BD80, E25BD75 are all of the same orders. 
 Variation of net heat release rate with 
crank angle 
 
Fig.12 (a): Variation of net heat release rate 
with crank angle 
 
Fig.12 (b): Variation of net heat release rate 
with crank angle 
 Variation of cumulative heat release rate 
with crank angle 
 
Fig.13 (a): Variation of cumulative heat release 
rate with crank angle 
 
Fig.13 (b): Variation of cumulative heat release 
rate with crank angle 
V. CONCLUSION 
In this project experiments were conducted on a 
kirloskar single cylinder, water cooled, naturally 
aspirated 5.2 kW at 1500 rpm. Pongamia biodiesel 
with ethanol as blend and diesel were the fuels 
considered in experimentation. The experiments were 
conducted for pure biodiesel with ethanol as blend 
with different ratio of blends are 15%, 20% and 25% 
with and neat diesel on normal engine. The 
performance, emission and combustion characteristics 
using neat biodiesel were evaluated and the results are 
compared with that of neat diesel in normal diesel 
engine. The conclusions from experiments are as 
follows; 
 Efficiency of the biodiesel is lower that of 
diesel. 
 By adding ethanol to the biodiesel improves 
brake thermal efficiency. 
 By increasing the percentage of ethanol that 
is 15%, 20% and 25% improve the 
performance of the engine. 
 Similarly brake specific fuel consumption 
(BSFC) and brake specific energy 
consumption (BSEC) improves by adding 
ethanol into the biodiesel. 
 At full load condition CO emission is higher 
compare to the biodiesel and its blends. 
 Unburnt hydrocarbon (HC) is more in highest 
ethanol blend of 25% (E25BD75) and lowest 
for BD100. 
 NOx emission first increases and reaches for 
all the fuels and then decreases. 
 Increasing in the percentage of ethanol in the 
biodiesel increases the NOx emission. 
 Upto 75% of the load the smoke emission is 
almost all same for all the fuels but lower for 
E25BD75 at maximum load. 
 By adding ethanol to the biodiesel improves 
combustion quality and there is a increase in 
efficiency with a little penalty of NOx 
emission. 
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